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Abstract 
In this paper a fuzzy based dimmer circuit model for daylight harvesting is proposed. The model incorporates the 
variable daylight intensity and number of occupants in a room. The dimmer circuit controls the switching ON and 
OFF of LEDs (light emitting diode) in a room corresponding the daylight intensity and occupants while the required 
level of illumination is maintained. The uncertainty in input variables is incorporated in the model with the fuzzy 
logic. The developed model is simulated in MATLAB and LABVIEW environment. The developed model is tested 
for different situations.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
The demand of electric energy is increasing day by day due to changing living standards of human beings. 
The increased demand is putting burden on power utilities. To meet the energy crisis challenge, power 
utilities are exploring alternate sources of energy like wind, solar, geothermal etc. as potential sources.  
Among these alternate sources, the solar energy is of prime importance because of its availability in 
abundance.  
For thousands of years until the advent of electric light, day-lighting was a necessary element of 
architecture. The history of architecture is the history of man’s struggle for light. With the invention of 
several lightning sources, man somehow started neglecting this natural and free source of energy. There 
are so many architectures now, especially in cities, where one needs to operate artificial lightning sources 
throughout the day. Such architectures include not only multi-storey buildings and flats, but schools, 
colleges, hospitals and even houses. The illumination is so poorly planned that even in areas inside such 
architectures where sufficient lightning is available from sunlight during a most part of the day; the 
artificial lightning sources keep operating throughout the day at their maximum capacity.  
But we cannot afford this tremendous wastage of electrical energy, especially in times when the global 
energy crisis is looming overhead, when the environmental concerns regarding power generation can no 
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longer be kept on shelves, and more so in a country like India which has still not been able to provide 
electricity to millions of its population. Keeping these facts in mind, in this paper our aim is to develop 
means and methods which could help in harvesting the free solar energy available in most parts of our 
country almost throughout the year. Our effort is to minimize the electric energy consumption in those 
parts of building and architectures which receive sufficient lightning throughout the day.  
To reduce the usage of artificial light in building interior and use maximum of daylight when available is 
known as daylight harvesting [1-3] The biggest advantage of daylight harvesting is reduction of energy 
consumption. Energy Conservation is so important that it is believed that Energy Conserved is Energy 
generated. A unit of energy conserved is equivalent to 1.25 units of energy generated since a lot of energy 
is lost in transmission and distribution. Also, in developing countries like India where electricity is 
provided to consumers at highly subsidized rates, the cost of 1 unit of energy saved is equivalent to saving 
6 to 7 times the cost incurred in generating it. A lot of energy can be conserved by turning some of the 
LEDs in the cluster OFF when sufficient natural light is available. 
In daylight harvesting, the aim is to use maximum of natural light as the main source of general 
illumination in a space as shown in Fig1. As it clear from the figure to maintain the required level of 
recommended light is maintained using daylight and artificial light. The aim is to utilize maximum of 
daylight while artificial light can be reduced to certain extent. The goal is energy savings. A well 
designed Daylight Harvesting system guarantees a preset light level at your workplace at all times. The 
artificial light only starts to dim when this guaranteed light level is exceeded by the overall amount of 
light (artifical + daylight). As a consequence, dimming only takes place when there is more than the 
required light anyway and when you have correct light level on the workplace. 
Fig. 1.  Illustration of the concept of Daylight Harvesting  
As the lighting sources comprise nearly 40 to 50 percent of our electricity energy consumption. The 
development in illumination sources has been slow. There has been a progress from fluorescent light to 
Compact Fluorescent Light (CFL) to Light Emitting Diode (LED) with an increase in efficiency [4]. It is 
a sad fact that immense amount of energy wastage occurs simply because of negligence and laziness of 
room occupants to switch OFF the light sources when natural sunlight is available. The dimmer circuits 
that are available commercially for CFLs are costly, have small life, and have flicker problems. 
In this paper to utilize the maximum of natural light during daytime, a dimmer circuit model is developed. 
The model incorporates the changes in daylight intensity and room occupancy. The real life scenario of 
changing light intensity and number of occupants are incorporated with the help of fuzzy logic. Fuzzy 
rules are defined for variables (changing light intensity and occupants) and output is the change in 
artificial light by switching OFF the LEDs in the cluster of LEDs. The output of dimmer circuit is 
simulated in MATLAB and LABVIEW environments [5-6] .   
2. Fuzzy Rules for Dimmer Circuit in Fuzzy Inference System (FIS) of MATLAB 
In this paper, fuzzy logic is used to simulate the dimmer circuit in real situations because of its ability to 
provide a remedy for any lack of uncertainty in the data. Fuzzy logic has the advantage of including 
heuristics and representing engineering judgments into optimization process. Furthermore, the solutions 
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obtained from a fuzzy algorithm can be quickly assessed to determine their feasibility in being 
implemented in the real life. Fuzzy has wide applications in engineering fields [5-9]. 
As in fuzzy logic the basic requirement is the development of fuzzy rules. In this paper, the dimmer 
circuit is simulated in fuzzy inference system (FIS) of MATLAB. 
2.1 Fuzzy Variables and Rules for Dimmer Circuit 
Here, two inputs are defined namely, LightIntensity and Occupancy which adjusts the intensity of light 
corresponding to the light intensity available from daylight and other is for number of occupants in a 
room. The output variable is defined as NumberOfLEDsGlowing.  
Next come to defining the range and nature of membership functions of the variables used herein. In 
this paper, Gaussian membership function is selected for light intensity and Trapezoidal membership 
functions for the variables under Occupancy. The Intensity of Light has been set to 500 Lux and 
occupancy to a maximum of 5. 
The output variable NumberOfLEDsGlowing should not contain monotonic functions like Gaussian, 
Trapezoidal, Triangular or other predefined fuzzy functions since they represent the glowing of LEDs, 
which is completely a discrete variable. Hence, a new staircase function of 10 parameter range is defined. 
The staircase function has been named of the type custLED. It has been illustrated in Fig 2. 
Fig. 2. Output Staircase Function for variable NumberOfLEDsGlowing 
The fuzzy rules basically govern the output of the system when subjected to conditions prescribed in 
the input membership functions. The LEDs should glow more under dim conditions and glow less under 
broad daylight. Similarly, room having lesser occupancy should have lesser LEDs glowing, and so on. A 
sample rule window is depicted in Fig 5. The output of dimmer circuit is shown with the help of graph as 
shown in Fig 3. The graph in this case is 3-dimensional since there are 3 variables (2 inputs and 1 output).  
Fig.3. Surface Graph depicting the Number of LEDs to be glowed. 
This represents the overall behavior of the LEDs which are to be glowed for different values of the 
input variables. It should be noted that the output in this case may not always be discrete whole numbers 
since we are solving this problem with fuzzy logic, which deals with probabilistic values.  
3. Simulation of Dimmer circuit  
In this paper, for room lighting, light-emitting diode (LED) a semiconductor solid state light source is 
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considered because of its certain advantages over the existing fluorescent and compact fluorescent tubes.  
LEDs are used as indicator lamps in many devices and are increasingly used for other lighting. In this 
paper, number of LEDs is considered in a cluster where each cluster contains about 18 LED units. It is 
measured that the outdoor light level is approximately 10,000 lux on a clear day. In the building, in the 
area closest to windows, the light level may be reduced to approximately 1,000 lux. In the middle area it 
may be as low as 25-50 lux. Additional lighting equipment is often necessary to compensate the low 
levels.  
In this paper, it is assumed that the in a typical Classroom there is requirement of 300 Lux as the optimum 
illumination requirement. A code is written in MATLAB to depict the working of the LED cluster 
dimming circuit for daylight harvesting. This is an interactive program and divided into several parts, 
focusing on the operation using Light Dependent Resistors (LDR), operation under random lighting 
sequence, or user defined lighting sequence. Finally it the advantage of daylight harvesting is illustrated 
whereby which, the amount of LEDs glowing will depend upon the amount of sunlight available. This 
program will run on any other value as entered by the user. Hence this is ideally suited for designing the 
dimmer circuit based on daylight harvesting.  
3.1. LDR Characteristics 
A photoresistor or light dependent resistor (LDR) is a resistor whose resistance decreases with increasing 
incident light intensity. A photoresistor is made of a high resistance semiconductor. If light falling on the 
device is of high enough frequency, photons absorbed by the semiconductor give bound electrons enough 
energy to jump into the conduction band. The resulting free electron (and its hole partner) conduct 
electricity, thereby lowering resistance.The resistance of LDR decreases exponentially with the 
illumination received. From several experiments, the following graph has been obtained as is shown in 
Figure 4. 
Fig. 4 (a) Power vs Illumination of LDR (b) Resistance vs Illumination of LDR 
3.2. Random Lighting Sequence of LED Cluster 
The figures 5 (a) and 5 (b) depict the random and modified lighting sequence respectively in which the 
LED cluster would be glowed based on the value entered by the user in Section 3.1. 
The stem function has been used here. The binary value 1 in any LED depicts ON state and 0 depicts OFF 
state. Random, sequence denotes any random sequence of lighting the LEDs, usually by a user. Modified 
sequence is the sequence of LEDs glowed or switched OFF considering the daylight availability. 
Fig.5 (a). Random Lighting Sequence Fig 5 (b)  Modified Lighting Sequence 
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3.3 User Defined Lighting Sequence of LED Cluster 
Here the user needs to enter his sequence of lighting the LEDs. This section accepts only binary values, 1 
meaning the user switches the LED ON and 0 meaning he switches it OFF in the cluster of 18 LEDs. The 
code then acts upon this sequence for achieving daylight harvesting. Enter Sequence in form of 0 and 1 in 
18 bits :[1 1 0 1 1 0 0 1 1 1 0 1 1 0 1 1 0 1 0] and shown in Fig. 6 (a) and 6 (b).
     Fig. 6 (a). User defined lighting sequence Fig 6  (b) Modified Lighting Sequence 
3.4. Incorporating the effect of daylight and artificial light 
Here the user enters the available lux and his lighting sequence. Suppose the Lux available from daylight: 
280 and Sequence of ON/OFF in form of 0 and 1 in 18 bits is [1 1 1 0 1 1 0 0 1 0 1 0 0 1 1 1 1 1] 
The results are shown in Figure 7 (a) and 7 (b) respectively. It is to be noted that the desired amount of 
illumination to be achieved in ALL the above cases is 300 Lux. If it is achieved through any means, then 
the remaining LEDs will be shut down, and if not, then only that number of LEDs will be glowed which 
will compensate the deficit illumination. Each LED emits approximately 20 Lux and there are 18 LEDs in 
the cluster. 
Fig. 7 (a)  User defined lighting sequence Fig 7 (b) Fig 7 (b). Modified Lighting Sequence incorporaying daylight harvesting 
It is clear from above figure that the cluster is successfully maintain a constant level of luminance at 300 
Lux, which it does so by appropriately switching ON or OFF its individual LEDs. An example has been 
shown to demonstrate such a phenomenon. Switching OFF Lights during daytime by harvesting natural 
light definitely reduces energy consumption, which in turn results in saving of energy. Plus the added 
benefit of using LED over other illumination sources ensures greater energy efficiency, greater savings 
and greater illumination, which further results in energy savings. So we conclude that our model coded 
above will work successfully in order to save energy through daylight harvesting. 
4. Simulation in LABVIEW 
The dimmer circuit is also simulated in LabVIEW software using various controls like slide bars for 
depicting illumination and toggle switches for switching ON or OFF the respective LEDs. The LED 
outputs have been denoted by Numeric indicator, indicating binary values: 1 meaning ON state and 0 
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meaning OFF state.In this random lighting sequences for switching ON the LEDs is considered and slider 
bar is used to vary the intensity of natural light available. In these situations also the LabVIEW model of 
dimmer circuit worked successfully towards incorporating daylight harvesting and the results are in 
accordance with the MATLAB program. 
Fig. 8 (b). Front Panel for the Dimmer Circuit. Fig. 8 (b). Daylight decreases to 240 Lux, so 3 LEDs each of 20 LUX are ON 
(Optimum=300LUX) 
The block diagram has not been shown since it is too large to be incorporated in a single picture or figure 
over here. A sample case has been shown below to depict its working for achieving energy saving 
through daylight harvesting. 
5. Conclusion 
This paper presents a simple, low cost dimmer circuit model for LED cluster sources. The simulations in 
LabVIEW and MATLAB have been successful and seem promising. A MATLAB code for the Dimmer 
Circuit has also been developed which can be burnt into the microcontroller or any other device with 
slight modifications if this model is incorporated in a physical circuit. It is our hope that a similar model 
sees the light of the day. This would automatically reduce the immense burden on the electricity 
generation of India. The energy starved areas would then be able to get electricity from the existing 
generation capacity. 
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